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A. Rosell et al.530A randomized multicenter study was performed in eleven public hospitals in
Catalonia (Spain). Patients scheduled for BAL were randomly assigned to tubing
(n ¼ 140) or no-tubing groups (n ¼ 155). Flexible bronchoscopy and a 150mL BAL in
three 50mL aliquots with or without tubing attached to the syringe.
In the group with tubing, 8% more fluid was recovered. The difference was both
statistically significant and clinically relevant given that 17.4% more diagnoses, 6.9%
fewer complications, and 8.8% fewer technical failures were recorded.
Based on these results, we recommend performing BAL using plastic tubing
between the 50mL syringe and the working channel of the flexible bronchoscope
when carrying out manual instillation and suction.
& 2005 Elsevier Ltd. All rights reserved.Introduction
Bronchoalveolar lavage (BAL) is a useful and widely
implemented diagnostic and research tool. The
technique involves wedging the flexible broncho-
scope into a subsegmental bronchus, instilling
sterile saline solution, and retrieving as much fluid
as possible back through the channel using suction.
Unfortunately, such a simple and widely accepted
technique is not fully standardized and certain
aspects—such as the amount of fluid injected, the
number of aliquots used, or the technique for
applying suction—can vary greatly from hospital to
hospital. There have been attempts to obtain some
standardization, mainly by way of expert consen-
sus.1–3 As far as the authors know, only one
randomized trial, comparing two syringe sizes for
BAL, has been published in English.4 Some hospitals
in Catalonia (an area with a population of 6.5
million in northeastern Spain) empirically intro-
duced a technical modification in the instillation
and recovery process consisting in attaching plastic
tubing between the syringe and the working
channel of the flexible bronchoscope.
The aim of our study was to test the effect of this
technical modification in the instillation and recov-
ery process. To that end, a multicenter randomized
study was designed to be carried out in 11 hospitals.
The primary objective was to test whether this
variation could increase the amount of recovered
fluid, improve the diagnostic yield and decrease the
number of complications in comparison with the
conventional BAL technique without tubing. A
secondary objective was to determine if this method
could increase the yield specifically for segments not
located in the anterior part of the lungs.Patients
BAL was performed in consecutive adult patients
referred to a bronchoscopy unit to whom a BAL wasindicated. The patients were randomly assigned to
the tubing group or the conventional (no tubing)
group following sequences of ten binary random
numbers. Each center performed both methods.
Contraindications for BAL included lack of patient
cooperation, hypercapnia and hypoxemia uncor-
rected by supplemental oxygen administration,
serious cardiac arrhythmias, recent acute myocar-
dial infarct or recent asthma attack, uncorrected
bleeding diatheses, and hemodynamic instability.
BAL was performed with tubing in 155 subjects
and without tubing in 140 patients. No differences
between groups were found for patient character-
istics, indications, lavaged sites, or studies per-
formed (Table 1).Method
All bronchoscopy units used a 40 cm long section of
standard intravenous plastic tubing with an ex-
ternal diameter of 4mm and an internal diameter
of 3mm. This section included the rubber portion
of the intravenous administration set to which the
50mL syringe was inserted and a nude plastic end
that was anchored a few millimeters into the
working channel after its valve was removed
(Fig. 1). BAL was performed with 150mL except if
the total amount recovered after the second
syringe was less than 10mL. Premedication with
intravenous midazolam was optional. Local an-
esthesia was provided by application of lidocaine.
Patients were initially placed in a semirecumbent
position (301), supplementary oxygen was adminis-
tered through a facial mask or nasal prongs and
oxygenation status was monitored during the
procedure with a pulse oximeter (SpO2). Significant
oxygen desaturation was considered if SpO2 stayed
below 90% for more than 30 s. If prolonged
desaturation below 90% occurred, then a higher
FiO2 was administered and bronchoscopy was
usually stopped.
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Figure 1
Table 1 Patient characteristics.
Without tubing (n ¼ 155) With tubing (n ¼ 140) P
Gender (male) 101 (65%) 89 (63.6%) 0.435
Age (SD) 52.8 (17) 55.2 (16) 0.232
Current smoker 57 (40.7%) 57 (36.8%) 0.488
Pack-years (SD) 35.5 (20) 37.6 (23) 0.592
Intravenous sedation 55 (39.3%) 53 (34.2%) 0.365
Initial Sp O2 (SD) 96.07 (2.54) 96.15 (2.61) 0.812
RUL/ML/RLL (%) 35/51/14 28.2/53.3/18.2 0.498
LUL/Lingula/ LLL (%) 19.6/37.2/43.2 11.5/22.9/65.4 0.262
Chest X-ray 0.099
Interstitial pattern 37 (23.9%) 54 (38.6%)
Node or mass 37 (23.9%) 22 (15.7%)
Alveolar opacity 56 (36.1%) 43 (30.7%)
Other 22 (14.1%) 19 (13.6%)
Cytology sample 125 (89.3%) 140 (90.3)% 0.769
Microbiology sample 114 (81.4%) 129 (83.2%) 0.686
Differential cell count 88 (62.9%) 89 (57.4%) 0.341
RUL indicates right upper lobe; ML, middle lobe; RLL, right lower lobe; LUL, left upper lobe (except lingula); LLL, left lower
lobe; SpO2, arterial oxygen saturation by pulse oximetry.
A new BAL fluid instillation and aspiration technique 531Different models of flexible bronchoscope were
used, with outer diameters ranging from 4.8 to
6.2mm and inner diameters ranging from 2.0 to
2.8mm. The instrument was inserted transnasally
as the first option, and in case of failure, oral
access was attempted. The lavage fluid used was
sterile pyrogen-free isotonic saline at room tem-
perature; buffered solutions were not used. In-
stillation and suction was performed manually by
dedicated nurses. Dwell time before suction of fluid
was kept to a minimum and patients breathed at
tidal volume. The decision as to which lobe to
lavage, how to handle and process BAL depended
exclusively on the usual practice in each hospital,
based on assessment of individual patient status.Lavage fluid was not filtered before processing. The
liquid recovered after instillation of the first
aliquot was not discarded, so that all the fluid
could be pooled and analyzed as a single BAL
sample. The total cell count was obtained using a
Neubauer’s chamber and cell viability was assessed
by Trypan Blue dye exclusion. Alveolitis was defined
as any abnormal population cell count (lympho-
cytes X15%, neutrophils X5%, eosinophils X2%).
Failure was defined as recovery of less than 10mL.5
Only immediate complications were recorded. If
wedging of the bronchoscope was incomplete,
the patient was removed from the study. Each
center analyzed the samples in their respective
laboratories.
Microbiology studies included quantitative bac-
terial culture (positive if an organism was isolated
in numbers more than 1000 colony-forming units/
mL), fungal smear and culture, viral culture, direct
fluorescent antibody for Pneumocystis carinii pneu-
monia (PCP), and mycobacterial studies. Cytome-
galovirus was considered to be a pathogen if grown
via shell culture from the BAL sample or if inclusion
bodies were present on histopathological evalua-
tion. PCP was diagnosed by a positive direct
immunofluorescence antibody or Gomori methyn-
damine silver stain. For cytology studies, BAL was
cytospun and then stained by the Papanicolaou
method.
The results from other bronchoscopic procedures
that might have been used according to the
pulmonologist’s criteria in each case were not
pooled with the BAL results.
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A. Rosell et al.532Statistical analysis
SPSS 10.0 (Chicago, IL, USA) was used for statistical
analysis. Values were expressed as means for
quantitative variables and as absolute and relative
frequencies for categorical variables. Total fluid
volume recovered was considered the main outcome
variable; other dependent variables were final
diagnoses, number of failures, and immediate com-
plications. Age, gender, current smoking (X1 cigar-
ette per day), smoking index (pack-years), oxygen
saturation, chest X-ray findings, use of intravenous
sedation, lavaged lung segment and studies per-
formed were considered independent variables. First,
an analysis was performed to determine whether the
two groups had similar characteristics, using a
Student t-test for continuous variables and a w2-test
for categorical variables. Then, the outcome vari-
ables (total volume, number of diagnoses, failures
and complications) were compared. Results were
considered statistically significant with a P value less
than or equal to 0.05 (two-sided).Results
The mean total amount of fluid recovered in the group
that used tubing was 64.8mL (SD 24.4mL, 43.2% of
150mL) whereas 52.8mL (SD 27.8mL, 35.2% of 150mL)
was obtained in the group without tubing. The 12mL
difference was statistically significant (Po0:005;
confidence interval [CI] 95%, 5.9–18.0mL), as was
the difference in percentage of instilled fluid recov-
ered (8%; 95% CI 4.6%–13.5%, Po0:005). In all the
three aliquots there were statistically significant
differences in the volume recovered (Fig. 2). In 62
patients from the only hospital where cell viability was
able to be assessed, non-statistically significant
differences were found between the two groups
(72.7% viable in the group without tubing and 83%
viable in the group with tubing, Po0:05).Figure 2The tubing technique led to 17.4% more diag-
noses, (95% CI 5.9%–28%; P ¼ 0:002) (Table 2). In
both groups, patients for whom a final diagnosis
was achieved had a greater amount of recovered
fluid. In the group without tubing, the mean volume
of diagnostic BAL recovered was 57.4 cm3 (range,
15–115 cm3; SD 23.4 cm3) whereas the mean volume
of non-diagnostic BAL was 49.5 cm3 (range,
3–110 cm3; SD 30.1 cm3). In the group with tubing,
the mean volume of diagnostic BAL was 68.6 cm3
(range, 20–110 cm3; SD 23.6 cm3) whereas the mean
volume of non-diagnostic BAL was 59.2 cm3 (range,
4–105 cm3; SD 24.7 cm3).
More complications occurred in the group with-
out tubing than in the group with tubing (8.3% vs.
1.4%; P ¼ 0:002) for a difference between groups of
6.9% (95% CI 2.0%–12.5%). Oxygen saturation at the
end of the procedure tended to be slightly lower in
the group without tubing (94.2%) than in the group
with tubing (94.7%), but the difference was not
statistically significant. Nevertheless, for those
subjects in whom desaturation was described as a
complication, mean initial SpO2 was 95.70% and
final SpO2 was 88.20% (P ¼ 0:004). Recovery fail-
ures were also more frequent in the group without
tubing (10.9%) than in the group with tubing (2.1%)
being the difference between groups 8.8%, 95% CI
3.2%–14.9%; P ¼ 0:003. The most important com-
plications declared—respiratory arrest, severe
bronchospasm and neurological alteration (dizzi-
ness)—were three cases of technical failure.
The volume obtained from the anterior areas of
the lung (anterior segments from right upper lung,
left upper lung, lingula, and middle lobe) was
greater than the volume recovered from other
segments, both with tubing (72.2mL, SD 21.6, vs.
52.5mL, SD 24.1; Po0:005) and without tubing
(60.8mL, SD 25.3, vs. 41.0mL, SD 27.2; Po0:005).
A questionnaire with closed answers was passed
to nurses after the trial was finished. All the nurses
reported that they preferred performing BAL with
tubing because a more comfortable arm position
was possible, allowing better control of the syringe
in case of intense coughing, sneezing, or other
movements of the patient’s head and torso. Other
reasons nurses mentioned for preferring to use
tubing were that they felt they had better control
over the negative pressure applied and that it was
easier to change syringes.Discussion
This randomized controlled clinical trial found that
connecting plastic tubing between a 50mL syringe
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Table 2 Diagnoses and complications.
Without tubing n ¼ 155 With tubing n ¼ 140 P
Diagnoses
Tuberculosis 8 (5.2%) 12 (8.5%)
Pneumonia (viral, Pseudomonas aeruginosa) 4 (2.6%) 3 (2.1%)
Pneumocystis carinii pneumonia 13 (8.3%) 8 (5.7%)
Pulmonary hemorrhage 1 (0.6%) 4 (2.8%)
Aspergillosis 2 (1.2%) 1 (0.7%)
Adenocarcinoma 4 (2.6%) 3 (2.1%)
Other 0 2 (1.4%)
Alveolitis 33 (21.3%) 50 (35.7%)
TOTAL 65 (41.9%) 83 (59.3%) 0.002
Complications
Acute respiratory failure 1 (0.6%) 0
Bleeding (430mL) 1 (0.6%) 0
Bronchospasm 1 (0.6%) 0
Dizziness and nausea 1 (0.6%) 0
Hypertension and diplopia 0 1 (0.7%)
Oxygen desaturation (o90%) 9 (5.8%) 1 (0.7%)
TOTAL 13 (8.3%) 2 (1.4%) 0.02
Other included 1 metastasis of breast cancer and 1 eosinophilic granuloma.
Alveolitis was defined as any abnormal population cell count (lymphocytesX15%, neutrophilsX5%, eosinophilsX2%) without a
specific diagnoses.
A new BAL fluid instillation and aspiration technique 533and the working channel of the flexible broncho-
scope during instillation and suction facilitated
recovery of 8% more BAL fluid. The increase was
both statistically significant and clinically relevant
as it was accompanied by more diagnoses and fewer
failures and complications.
A higher percentage of BAL fluid return was
associated with more final diagnoses. In our study,
the lowest volumes that gave a diagnosis were
15mL in the group without tubing and 20mL in the
study group. Because initially recovered BAL fluid
corresponds to a ‘‘bronchial’’ fraction as confirmed
by cellular profile6 and radiology,7 a return less
than 10mL would be unlikely to contain an
adequate alveolar sample5 and a procedural failure
might have to be declared. Although the impact of
negative results in BAL specimens has not been
assessed in our study, it should be remembered that
the clinical value of BAL lies in the aid they provide
in ruling out such diseases as tuberculosis, for
example. For a negative result to be useful,
however, clinicians must be sure that the sample
is optimal and its volume is adequate.
Different methods for the instillation and recov-
ery of saline have been described in the European
Respiratory Society (ERS) and the American Thor-
acic Society consensus statements.1,8 The three
common recovery methods are manual suction,
drainage by gravity, and mechanical suction at amoderate negative pressure (50–100mmHg), but no
single method is expressly recommended because
there are no comparative studies. Similarly, there is
no recommendation of syringe size (20, 50, or
60mL). The only randomized trial focusing on that
issue enrolled 30 patients with chronic obstructive
pulmonary disease (COPD) and concluded that
performing BAL with 50mL syringes obtains more
fluid with less oxygen desaturation than can be
obtained using 20mL syringes.4 Regarding the
volume to be instilled, the ERS Task Force recom-
mends the use of large volumes of at least 100mL
to minimize the effect of bronchial contamination,9
but there is still no strong evidence concerning the
total amount of saline that ought to be instilled.
The percentages of fluid recovered in our study
(35.2% without tubing and 43.2% with tubing) were
similar to those presented in the literature for
patients with lung diseases10,11 but different from
the recovery of nearly 70% from healthy volun-
teers.2 However, once again, the different BAL
protocols used and the different populations
studied make any attempt to establish a strict
comparison between series rather speculative.
The overall complication rate of BAL in the
literature is reported to range between 0% and
2.3%, and complications mainly consist of a
transient decrease in lung function parameters,
alveolar infiltrates, fever, bronchial hyperactivity,
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A. Rosell et al.534and bronchospasm.11–14 In our patients, there was a
clear difference in complication rates between
groups (8.3% without tubing vs. 1.4% with tubing)
that seems to be related to the mean volume of
saline retained (52.0mL vs. 29.2mL). With respect
to complications in the form of lung function
changes, their extent and duration are strongly
correlated to the amount of lavage fluid used, to
the amount recovered, and to the underlying
bronchial status of the patients.4 Satisfactory fluid
return usually consists of removal of more than 50%
of the saline solution instilled. Certain conditions
such as the lavage of lower lobes5 or lower FEV1%
15
will necessarily affect the amount of fluid recov-
ered negatively, but any improvement in the
recovery rate that can be effected by improving
the technique would make that technical modifica-
tion worthwhile in daily practice.
Because of bronchial lobe anatomy and gravity,
returns from lavage in anterior segments are
greater, especially from the middle lobe and
lingula.9,12,16 The use of tubing permits a higher
return of fluid but differences in total fluid
recovery between anterior areas of the lung and
the rest remain similar regardless of technique. The
use of tubing, therefore, cannot correct the effect
of variables related to anatomy and the force of
gravity.
Osteoarticular lesions involving physicians’ or
nurses’ necks, shoulders, elbows, and wrists are
not infrequent in bronchoscopy units,16 and small
technical modifications in working procedure, such
as the one we tested, can help prevent health
problems.
It was not the aim of our study to inquire about
the biophysical principles that might explain the
ability of tubing to increase BAL fluid recovery.
Nevertheless, it can be hypothesized that the
presence of a semielastic tube between the syringe
and the bronchi would attenuate the high negative
peak pressures derived from hand suction; this in
turn would influence fluid dynamics by partially
transforming turbulent flow into laminar flow. An
experimental study would be required to assess this
hypothesis.
In summary, this multicenter randomized study
demonstrates that performing BAL with a tube
placed between the working channel and a 50mL
syringe increases the volume of fluid recovered by
suction. The increase is statistically significant and
clinically relevant as more diagnoses are achieved,
fewer complications are reported, and fewer
procedural failures occur. Nevertheless, this mod-
ification does not seem to solve the problem of less
successful recovery from the posterior areas of the
lung. The system was not tested against othermethods, such as gravity drainage or mechanical
suction, so it remains unknown how those techni-
ques would compare to the tubing one. However,
given these results, we recommend this easy-to-
apply modification in BAL procedures to those
pulmonologists and nurses already using a handheld
syringe method for recovery. More comparative,
randomized, controlled trials are needed to define
optimal techniques in BAL procedures.Acknowledgments
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